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PROBLEM SCHEMATIC

ak

∆ν

Key to problem:

Distance from the

Enterprise LEO to

the Klingon GEO

equals the distance

traveled by Klingon

ship in time it takes

Phasor impulse to

travel from LEO to

GEO (ignore

Enterprise velocity)

∆ν = νt - ν0

c t
Enterprise

Klingon
Bird of Prey

LEO = 160 km

GEO = 40,160 km

νt

νo

∆ν
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First Compute Radius of
Geo Orbit

• Kepler's Third law    T =  2 π a3/2

µ

Tgeo = 24 hrs × 3600 sec
hr

 = 86400 sec

ageo = 
µ  Tgeo 

2 π
 2/3

 = 
 

3.986 × 105 km3

sec2
 × 86400 sec

2 π

 2/3

 =  42241 km
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Travel Time for Phasors
from LEO Enterprise
to GEO Klingon Ship

Dphasor  =  clight  × t ≅ 300,000 × t  
 km

   ⇒ t ~seconds

 

tphasor  = 
Dphasor

clight
 = 

Rklingon  - Renterprise

clight
 = 

42,241 - 6531 km

300,000 km
sec 

 = 0.1190 sec.
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Distance Traveled by
Klingon Ship in time, tphasor

tphasor  =  
Rklingon  - Renterprise

clight
 =  0.1190 sec.

 

Dklingon  = Vklingon  tphasor   = aklingon  ωklingon  tphasor   ⇒ need  ωklingon

⇓

  GEO orbit ⇒   ωklingon   = 2 π radians
24 hours

 =  2 π radians
24 hours

 x 1 hour
3600 sec

 = 0.000072722 radians
sec

⇓
Dklingon  =  aklingon  ωklingon  tphasor   =

 
 [42241 kilometers] ⋅ 0.000072722 radians

sec  ⋅ 0.1333 sec.  = 0.3656 kilometers  
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ARC LENGTH TRAVELED

r

r

νo

νt

Dklingon

•
Dklingon

tphasor  = r dν  
ν1

νt

 = aklingon   νt - νo  

⇓

∆ν =  
D

klingon
tphasor

aklingon 
 =  0.3656  kilometers

42241 kilometers
  = 

 

8.655 × 10-6radians  × 
360 degrees
2 π radians

 =
 

 0.0004959 degrees 
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SCOTTIE'S PHASOR
LEAD ANGLE

• KIRK WAS ALMOST RIGHT!

∆ν  =  0.0004959 degrees 


